ABSTRACT Our study compared different estimates of adult mosquito abundance (Pupal Demographic Survey [PDS], Human Landing Collection [HLC], Number of Bites declared by Citizens during interviews [NBC]) to the mean number of eggs laid in ovitraps. We then calculated a disease risk threshold in terms of number of eggs per ovitrap above which an arbovirus epidemic may occur. The study was conducted during the summers of 2007 and 2008 in the Emilia-Romagna region of Italy where a chikungunya epidemic occurred in 2007. Ovitrap monitoring lasted from May to September, while adult sampling by means of PDS, HLC, and NBC was repeated three times each summer. Based on calculated rate of increase of the disease (R 0 ) and the number of bites per human per day measured during the outbreak, we estimated that only 10.1% of the females transmitted the chikungunya virus in the principal focus. Under our conditions, we demonstrated that a positive correlation can be found between the femalesÕ density estimated by means of PDS, HLC, and NBC and the mean number of eggs in the ovitraps. We tested our hypothesis during the 2007 secondary outbreak of CHIKV in Cervia, and found that R 0 calculated based on the number of biting females estimated from the egg density was comparable to the R 0 calculated based on the progression of the human cases. The identiÞcation of an epidemic threshold based on the mean egg density may deÞne the high risk areas and focus control programs.
Aedes albopictus (Skuse) is an Asian mosquito species that has become established in recent years in several European countries, including Italy (ECDC 2009 ). This species shows high vector competence for several arboviruses, including dengue (Mitchell 1991) and was responsible for the transmission of the chikungunya virus (CHIKV) epidemic that occurred in Italy in 2007 , Rezza et al. 2007 , Bonilauri et al. 2008 .
Globalization and the increase of tourism have increased the risk of the introduction of new pathogens into Italy and Europe (e.g., 1,485 dengue cases were diagnosed in 2009 in Europe; www.tropnet.net). CHIKV is an Alphavirus (family Togaviridae) that historically was transmitted by Aedes aegypti L. in urban areas of Africa, India, and South-East Asia. Recently, the virus became associated with Ae. albopictus because of a single adaptive mutation in the viral envelope gene (substitution of the amino acid alanine with valine "A226V" in the position E1 of the capsid glycoprotein) that increased the ability of the virus to infect this species (Tsetsarkin et al. 2006 , Konstantin et al. 2007 , Vazeille et al. 2007 , Bordi et al. 2008 .
The CHIKV epidemic that occurred in Italy was started from an initial case imported from the Indian region of Kerala that spread locally, with secondary foci detected over four provinces within the radius of 70 km (Ravenna, Forlõ-Cesena, Rimini, and Bologna) (Rezza et al. 2007) . Mosquito control and the ensuing winter terminated transmission and new cases were not detected during 2008, although elevated Ae. albopictus populations have persisted.
The current study compares different mosquito female abundance estimation methods (Pupal Demographic Survey, Human Landing Collection, Number of Bites declared by Citizens during interviews, respectively PDS, HLC, and NBC) with the mean number of eggs laid in ovitraps. We then used these data to estimate a disease risk threshold in terms of the eggs per ovitrap beyond which an arbovirus epidemic can arise. The identiÞcation of an epidemic threshold will provide a decision support system that could deÞne high risk areas and direct vector control programs. ) where CHIKV cases did not occur (Fig. 1) . These small to medium size towns are representative of residential areas of large cities of the Northern and Central Italian regions. The Bologna province was not included within the study area because of the low number (No ϭ 5) of human cases.
Materials and Methods

Study
In the study areas, 86.4% of the premises had a private courtyard (Carrieri et al. 2011a 
it/).
Determination of the Rate of Increase of the Disease. The risk of an insect borne disease epidemic occurring is dependent on factors related to the insect vector (vectorial capacity, reproductive rate, antropophily, multi-feeding behavior) and to the intrinsic characteristics of the pathogen (host species, viremic level, and extrinsic incubation period).
The rate of increase of a disease, R 0 , is deÞned as the number of secondary cases that originate from the primary case (Anderson and May 1991 , Roberts and Heesterbeek 2003 , Bö lle et al. 2008 . If the R 0 value is Ͻ1, only accidental and isolated cases can occur, whereas for an epidemic, R 0 has to be Ͼ1. R 0 can be calculated from the McDonaldÕs equation as follows: (Fine 1981 , Reisen 1989 [1]
where: ma is the mean number of bites per human per day. a corresponds to h/GC, were GC is the duration (number of days) of the gonotrophic cycle that varies, as a function of temperature, from 11 d in late spring to 4 d during summer for Ae. albopictus in Northern Italy. In this study the GC was calculated by means of the model proposed by Focks et al. (1993) , according to measured temperature data. h is the proportion of human blood meals. According to Valerio et al. (2010) the proportions of human feeding females varied from 0.79 to 0.96. We applied the average value of 0.86 in residential areas and 0.96 in tourist areas where the human density was higher.
S m is the species vector competence, which describes the ability of the vector to acquire and transmit the pathogen. The vector competence of Ae. albopictus for CHIKV varies from 0.05 to 0.93, according to the viral strain and to the mosquito population (Tsetsarkin et al. 2006; Vazeille et al. 2007 Vazeille et al. , 2008 Talbalaghi et al. 2010) . The values we used for mutant and nonmutant strains were 0.80 and 0.24, respectively.
V is period during which in the infected host circulates sufÞcient viremia to infect the mosquito vector, and it ranges from 2 to 12 d for CHIKV (Peters and Dalrymple 1990, Bö elle et al. 2008) . We used the average value 1/V ϭ 0.17 (Peters and Dalrymple 1990, Bö elle et al. 2008) .
Sv is the proportion of human population susceptible to the infection. We considered S v ϭ 1 because the antibody level in the Italian population was likely to be near to 0%.
p is the female daily survival rate. This parameter has been estimated by several authors: Hawley (1988) found a wide range of data (0.71Ð 0.88); Niebylski and Craig (1994) applied the mark-release-recapture method in Missouri and found a restricted range of values (0.87Ð 0.89); in Louisiana Willis and Nasci (1994) , by means of the rate of parous females, found values comprised between 0.92 and 0.99 and Almeida et al. (2005) calculated a value of 0.95. In this study we used the value 0.90 (Table 1) . 
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i is the duration of the extrinsic incubation period of the virus in the vector (EIP). The EIP is a temperature-sensitive parameter for CHIKV in Ae. albopictus. The EIP was 3Ð 4 d at 26ЊC (ECDC 2007) , which is shorter than previously assumed from Pugliese (2009) who found a duration of 4.5 d, on average. Dubrulle et al. (2009) found that Ae. albopictus females infected with the variant E1Ð226V were able to transmit the virus at 28ЊC from 2 to 14 d after ingestion, with maximum transmission at day 6. Analogously to the study on the duration of the EIP on dengue in Ae. aegypti (Barbazan 2010) , based on GC and EIP duration at 26 and 28ЊC we proposed for this study a relationship EIP ϭ 0.71 GC.
Bites per day (ma) is one of the main factors that determine the epidemic risk, because it is directly related to the rate of increase of the virus in nature. In the Þeld, the number of bites per day is affected by the socio-economic status of the affected human population (use of repellents, open-air time during the femalesÕ biting activity, use of mosquito net, etc.) that inßuence the rate of contact of healthy humans with infectious mosquito females and of viremic humans with uninfected mosquitoes, thus affecting the effective vectorial capacity of the species. Furthermore, most of the parameters of equation 1 are dynamic, driven by temperature, and conditionated by environmental factors and human behavior. In our study, some parameters (h, S m , V, S v , and P) were considered constant, while others varied in relation to the temperature (GC and EIP).
Determination of the Epidemic Risk Threshold in Terms of Number of Bites. If R 0 is known, rearranging equation 1, the number of bites per human per day (ma) can be calculated as follows:
Because the value necessary for an epidemic to occur is R 0 Ͼ 1, R 0 ϭ 1 can be used to calculate the threshold number of bites below which an epidemic cannot occur. All the parameters necessary to calculate the bite threshold in Italy are listed in Table 1 . Mosquito Population Estimates. To estimate the mosquito population density as pupae per hectare by PDS (Focks et al. 2000) in the premises and in the public areas of the four towns, all the potential breeding sites were inspected and sampled to count the number of pupae of Ae. albopictus. Three sampling sessions were conducted: the Þrst at the beginning of the Summer (weeks 24 Ð26), the second in mid Summer (weeks 29 Ð30) and the third during the maximum infestation period (weeks 34 Ð35). Three teams, each composed of two skilled technicians, were equipped with Palmtop and GPS for georeferencing the surveyed sites, aquatic net, plastic tray and pipettes to sample the water bodies. The details of the methods and protocols of the PDS applied in our study were described in Carrieri et al. (2011a) .
Bites Per Human Per Hectare Per Day. The number of females per hectare per day were estimated from the number of pupae per hectare per sampling period (considering half the pupae females) by means of the model proposed by Focks et al. (1993) . The number of females per hectare was converted to number of bites per human per day (m) produced by this population using the following equation: where: mF is the multiple feeding value. According to Hawley (1988) , the incidence of multiple feeding in Ae. albopictus females can vary from 0 to 20%. To the aim of our study, we considered an mF value of 1.2. h is the proportion of human meals among all bloodmeal (see above). D is the human population density (persons per ha).
Number of Bites Declared by Citizens. We evaluated if the perception of female mosquito biting activity by the citizens was correlated with the population density calculated from egg monitoring. Three sampling sessions were done in the same periods and premises for the PDS. The residents in the inspected premises were asked to report the number of bites they personally received in the hours of daylight on the day preceding the interview if they were at home.
Estimate of the Female Population Density by Human Landing Collection. In each town, Þve Þxed sampling stations were established in public green areas (parks and schoolsÕ green areas) in the most suitable shaded position to attract host-seeking females. Five skilled technicians were each randomly assigned to the sampling stations. During the evening peak Ae. albopictus biting activity, the technicians captured all the approaching females for 15 min during 1830 Ð1900 hours using a manual aspirator. According to Mogi and Yamamura (1981) each technician should attract all the biting females present in area of Ϸ50 m 2 , corresponding to the dimensions of the average of green area calculated per citizen (50.52 m 2 of the public and private green area per citizen). This means that each technician could simulate the number of biting females per citizen standing in an open area (private courtyard or in an averaged size public green area) during peak biting time. The Þve collections were repeated on three consecutive days for each of the three sessions for any study area (n ϭ 45 samples for each of four study areas).
Determination of the Epidemic Risk Threshold in Terms of Mean Egg Density. Mean Egg Density Estimation.
Egg density data were obtained by means of an ovitrap network that was sampled from May through the end September; there were 67 ovitraps in Rimini, 87 in Forlõ, 114 in Cesena, and 69 in Ravenna. The number of ovitraps was calculated on the basis of the mean egg density provided in 2007 (see Carrieri et al. 2011b for details) and was considered the minimum numbers needed for a reliable monitoring network in the four towns.
Each ovitrap was georeferenced and uniquely labeled. Ovitraps were placed in a green, shaded and easily accessible area. They were positioned on the ground, with a free space above of at least 1 m. Each ovitrap consisted of a black conic plastic cup (400 ml volume, upper diameter 8 cm, lower diameter 6 cm), Þlled to two-thirds of its height with 270 ml of water, and a masonite strip of 12.5 ϫ 2.5 cm as an oviposition substrate (modiÞed from Fay and Eliason, 1966) . Every week the strip was replaced, the cup carefully cleaned, and the eggs counted and identiÞed to species.
Relationship Between Bites/Human/Days and Mean
Egg Density. We deÞned B as the ratio between the number of bites per human per day (ma) calculated by means PDS, NBC, and HLC and the average egg density per week (E) calculated from the data provided by the ovitraps
Mean Egg Density Threshold. Combining equations 2 and 4 , we estimate E as
that describes the relationship between the number of eggs per ovitrap per week (E) and the factors that determine the start of an epidemic. Xv is a correction factor that takes into account the inßuence of local variables and socio-economical factors in the determination of the vectorial capacity (see below). When the PDS was used as a starting point to estimate the number of bites, we transformed the number of pupae into number of females through the FocksÕ model, and the latter into bites per human through equation 3. The bites/egg ratio B PDS was calculated by using the data provided by the ovitrap monitoring during the week after pupae sampling.
In the NBC survey the citizens reported their perception of biting activity, allowing the direct calculation of the B NBC rate. In the HLC survey, we assumed, according to Mogi and Yamamura (1981) , that within the Þrst 15 min after the arrival in an infested area the human host can attract all the females present in an area of 100 Ð150 m 2 , that is, within a radius of 4 Ð7 m. As the normal behavior of Italian people in infested areas include usually the avoidance of the most infested sites, the reduction of the outdoor activities during the hours of the biting activityÕs peak, and the use of repellents, we believe that the exposure for 15 min in the most favorable conditions for being bitten (i.e., standing without repellent or protecting dresses in the most suitable sites for females) can be assumed as an estimate of the number of bites one can receive per day.
The rates B NBC and B HLC were obtained by dividing, respectively, the number of bites per human per day declared by the interviewed citizens and the number of females caught by the daily mean number of eggs laid in the ovitraps. In both calculations we used the egg density data provided by the ovitraps in the same week of the NBC and HLC investigations.
Correction Factor, X V . Most of the variables of equation 1 are temperature-dependent and have been calculated under laboratory conditions. Under Þeld conditions, the vectorial capacity of Ae. albopictus may vary according to the defensive and prevention solutions and behaviors that citizens may adopt to reduce contact with the vector. We calculated the proportion of females that actually transmitted the virus during the CHIK epidemic in Castiglione di Cervia and Castiglione di Ravenna in 2007, and we named it Ôcorrec-tion factorÕ X V :
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To calculate the correction factor X V , during the peak of the epidemic, we used the upper limit value for R 0 of 4.80 (Pugliese 2008) and measured a gonothrophic cycle duration of 5.16 d at the mean temperature of 25.6ЊC registered in the third week of August.
To obtain the ma value, one sampling session was performed on 21 August during the peak of the outbreak. Three technicians collected the biting females by HLC for 15 min in the period of maximum femalesÕ activity (between 1700 and 1900 hours) in seven premises.
Field Validation of the Mean Egg Density Threshold. To validate the mean egg density threshold model, during the 2007 secondary outbreak in Cervia (7 km far from the originary focus; urban area: 960 ha; population density: 6,053 people per km 2 in August; 4,750 people per km 2 in September) we compared the R 0 estimated from the egg density (provided by the 10 ovitraps placed in the town) with the R 0 calculated by the progression of the human cases before any control intervention (19 cases).
R 0 Estimate Based on Mean Egg Density. The relationship depicted in equation 5, between the egg density and all the epidemiological factors allowed us to calculate the rate of increase of the epidemic R 0 on the basis of the data provided by the ovitrap monitoring network:
R 0 Calculated by the Progression of the Human Cases. We also calculated R 0 from the deterministic compartmental SEIR model (Susceptible, Exposed, Infectious, and Removed) written in terms of intrinsic growth rate r (Nishiura 2006 , Chowell et al. 2007 , Pugliese 2008 :
where: 1/ v is the incubation period in the insect vector, 4.5 d. 1/ corresponds to 1/-Log e p (where p is the female rate of survival equal to 0.9). q is the probability of vertical transmission, and was calculated to be 0.03. 1/ h is the incubation period in human, equal to 4.5 d that corresponds to a value of 1/ h ϭ 0.22. ␦ is the preimmaginal period, corresponding to one-ninths, 5 d. 1/␥ is the infectivity period in humans, equal to 6 d that corresponds to a value of ␥ ϭ 0.17). r is the intrinsic growth rate of human cases and was calculated by means of the best Þt of exponential growth. Meteorological Data. A meteorological station of the Emilia-Romagna Region was present in all the four towns (CLINUR net, www.arpa.emr.it) and air temperature was measured at 2 m from the ground (minimum, maximum, and average daily mean).
Statistics. Data on pupae density (number of pupae per hectare) found in private properties and in public areas were analyzed by means of one-way analysis of variance (ANOVA), using the NewmanÐKeuls test for meansÕ separation. Data on the number of bites per day collected by means of the interviews (NBC) and the number of females captured with HLC were separately analyzed using two-way ANOVA with date and study area as main effects. NewmanÐKeuls test was used for means separation. E or bites per egg for B HLC, B NBC , and B PDS were compared by one-way ANOVA. The Person product moment correlation was calculated to investigate agreement among the number of bites obtained by HLC and NBC with the mean egg density in the week before the adult sampling, in the same week and in the following week. Also investigated was the correlation between the number of bites per human per day calculated by HLC and obtained by NBC with the number of eggs/ovitrap/week, corrected according to the population density known for each area, because the number of bites received by one person depends on the mean number of females per hectare but also by the human population density per hectare. The data were corrected by dividing the average egg density by the number of people per hectare, which has been considered stable in Ravenna, Forlõ, and Cesena, while it has been monthly adjusted in Rimini in consideration of the increasing number of tourists from June to August. Statistics were performed with Statistica 7.0.
Results
Pupal Demographic Survey. In total, 2,919 premises in the four towns were inspected for pupae. The number of pupae per premise and the estimate of the female population density by means of the PDS have been described in detail in Carrieri et al. (2011a) and are summarized in Table 2 . Number of Bites Declared by Citizens During Interviews. The two-way ANOVA (considering the period and the area of study as main factors) showed a signiÞcant interaction between the two main factors (the town and the period) (F ϭ 2.43; df ϭ 1,6; P Ͻ 0.03). Highly statistical signiÞcance was found in regards to the number of bites reported by the interviewed citizens in the different areas (F ϭ 8.20; df ϭ 1,3; P Ͻ 0.0001) and time periods (F ϭ 26.92; df ϭ 1,2; P Ͻ 0.0001). In June, the mean number of bites per person was higher in Forlõ (1.15 bites per day) than in the other areas (0.23Ð 0.41 bites per day) (Table 3 ). In July the number of bites per day increased in Cesena and Rimini, while in Ravenna the interviewed citizens declared the lowest number of bites. In August no difference was observed among the four areas (range, from 1.12 in Rimini to 1.67 in Forlõ) (Table 3) .
Human Landing Collection. The number of biting females captured on human hosts collected in Cesena and Rimini in August were excluded, because in Cesena the high wind speed (Ͼ3 m/s, registered by the local meteorological station) prevented normal ßight activity, while in Rimini an adult mosquito control intervention was conducted near to the sampling areas. The mean number of individuals collected approaching the human host within 15 min in June and July was similar in all of the four areas, while in August a signiÞcantly higher number of captures per host was made in Forlõ compared with Ravenna (F ϭ 5.22; df ϭ 1; eight P Ͻ 0.03) ( Table 2) .
Estimation of the Bites per Egg Ratios. Egg Density. In Fig. 2 , the weekly mean number of eggs per ovitrap in the study towns are reported and showed a bellshaped curve starting at week 22, peaking during weeks 27Ð37, and ending at week 45 (see Carrieri et al. 2011a for more details).
Bites per Egg Ratio. The PDS value calculated in Carrieri et al. (2011a) , and applied to this study, considering the overlapping between mosquito generations, lead to a females per egg ratio of 1.57 Ϯ 0.77. When the female density was converted into number of bites/human/day by means of equation 3, the bites per egg (B PDS ) was 0.033 Ϯ 0.015.
A statistically signiÞcant positive correlation was found between the number of females per hectare calculated by the PDS and the mean number of eggs collected in the ovitraps during the week after the PDS (r ϭ 0.87; F (1,10) ϭ 30.51; P Ͻ 0.003). We also calculated the ratio between the number of bites obtained by means of HLC and NBC and concurrent egg data provided by the ovitrap monitoring on the egg density, Table 4 , the mean NBC and the number of biting females captured during the HLC appeared to be better correlated with the mean number of eggs laid in the ovitraps in the same week than with the eggs collected in the preceding or after weeks.
Statistically signiÞcant differences were not found among the three estimates of bites per egg rates (F ϭ 1.41; df ϭ 2,30; P ϭ 0.26). The Pearson product-moment correlation analysis between the rate B/E calculated by means PDS, HLC, and by the interviews (as functions of the time and of the urban area) showed a weak correlation between B PDS and B HLC (r ϭ 0.67, P Ͻ 0.04) and no correlation between B PDS and B NBC (r ϭ 0.56; P ϭ 0.09). On the contrary, between the B NBC and B HLC rates we observed a highly positive correlation (r ϭ 0.89; P Ͻ 0.001).
Correction of the Vectorial Capacity X V . During a single HLC capture session (see above) in Castiglione di Cervia and Castiglione di Ravenna during the peak of the CHIKV outbreak in 2007, we captured 206 females in seven premises (29.43 Ϯ 20.90 females per premise). The premise density was 7.85 premises per hectare yielding an estimate of 231.03 biting females per hectare. For the two localities, that had a human population density of 25.16 persons per hectare, we calculated the biting rate of 9.18 females per human per day (m). By knowing the R 0 value (calculation based on the progression of human cases), it was possible to calculate through equation 5 the X V value, equal to 0.101, or a transmission rate of 10.1% per biting female.
Epidemic Risk Threshold in Terms of Number of
Bites. In Fig. 3 , the epidemic risk threshold (R 0 ϭ 1) was depicted in terms of the number of bites per human per day necessary for an epidemic, considering changes in vector competence for mutated and nonmutated CHIKV strains. All the values necessary to calculate the epidemic risk threshold can be seen in Table 1 . The histograms showed that for the mutated CHIKV in 4 May, 36 bites per day were necessary for the development of epidemic conditions with R 0 Ͼ1, but this number lowered to 1.57 bites per human per day in July when the temperature increased from 18.14ЊC to 25.45ЊC, respectively. For nonmutated CHIKV bites required per human per day were higher and ranged from 5.23 to 15.52.
Epidemic Risk Threshold in Terms of Egg Density. Data on female population density provided by the PDS were used to calculate through equation 3 the number of bites per human per day, that in equation 4 related to the number of eggs per ovitrap per week. To determine the risk threshold in terms of egg density, we estimated through equation 5 the threshold number of eggs laid per week necessary for the CHIKV transmission (R 0 ϭ 1), considering X V ϭ 0.101. As the histograms in Fig. 4 show, the average threshold values for the mutated CHIKV strain (Fig. 4A ) that ranged from 122.07 eggs per ovitrap per week in May to 43.95 eggs per ovitrap per week in July. The same calculations were performed for the nonmutated CHIKV strain and the average egg threshold ranged from 406.89 to 146.50 egg/trap/week (Fig. 4B) . Field Validation of the Mean Egg Density Threshold. To validate the mean egg density threshold, we compared the R 0 value calculated on the basis of the progression of the human cases in Cervia during the 2007 secondary outbreak (from week 33 to week 38) with the R 0 estimated on the base of the mean egg density provided by concurrent ovitrap monitoring conducted in the same locality and during the same time period. The R 0 value calculated from the intrinsic growth rate of the number of cases using the least squares method (equation 8; coefÞcient of determination R 2 ϭ 0.91, F (1,137) ϭ 352.5, P Ͻ 0.0001) provided an r value of 0.081 (df ϭ 39; P Ͻ 0.001; 95% conÞdence interval [CI] ϭ 0.0473Ð 0.090). Consequently, R 0 was equal to 2.15 (95% CI ϭ 2.01Ð2.29).
The basic reproduction number R 0 based on the mean egg density data were calculated through equation 7 using the B ratio obtained from the PDS, and varied from 1.15 to 3.01 (average 1.97 Ϯ 0.61). When the B ratio calculation was based on the interviews (NBC) and HLC, we estimated R 0 values, respectively, from 0.81 to 2.12 (average 1.59 Ϯ 0.47) and from 1.27 to 3.33 (average 2.49 Ϯ 0.75) (Fig. 5) . When the average of the three B ratios was used to calculate R 0 , the rate of increase of the disease (R 0mean ) calculated on the base of ovitrapsÕ data were positively related (R 2 ϭ 0.79; F (1,4) ϭ 14.86; P Ͻ 0.02) to the number of cases of disease per week registered in Cervia from week 35 to week 40 in 2007. This relationship can be described by the following regression equation:
No. cases/week ϭ 0.36 ϩ 1.42 R 0mean
[9]
A signiÞcant regression also was found between the number of eggs per ovitrap per week and the number of cases per week. (Fig. 4A) .
Discussion
We found a positive correlation between the mean egg density data provided by ovitrap monitoring and the number of females based on the Pupal Demographic Survey (Carrieri et al. 2011a) , and also between the number of biting females captured by means of HLC and the NBC. The methods adopted to estimate the female population density affected the calculation of the ratio between the number of bites per human per day and the mean egg density. When the NBC, the ratio of bites per egg was lower with respect to the values obtained using the PDS and HLC method.
One of the difÞculties for the correct calculation of R 0 was the determination of bites per human per day. The sampling of the pupae (PDS) was the most accurate method to evaluate the mosquito population density, but within each larval habitat their presence is discontinuous, and the result of the sampling was highly dependent on timing. Moreover, the model used to calculate the bites per human from the pupal density was based on the results of laboratory and cage studies and did not consider the effect of behavioral and social factors on vectorial capacity.
The HLC method provided a direct estimate of the biting female population, but it was based on the assumption that the number of bites received in a shaded area in 15 min during the period of maximum ßight activity corresponded to the number of bites that a human host can receive during the whole day under normal conditions. This assumption may be questionable. According to our experience, when the technician arrives in the monitoring station most of Ae. albopictus females arrive within 5Ð10 min. After that time period, the number of new arrivals rapidly decreased to zero. New immigrant females usually arrive only if the technician stands much longer than 15 min (M.C., unpublished data), in agreement with Mogi and Yamamura (1981) who described that one person can attract females within a range of 7Ð10 m. Females within this radius arrive immediately, and after their capture it was necessary to wait until other females enter the radius of attraction. This allowed us to assume that in 15 min, standing in the most attractive sites without repellents, one technician could have sampled all the females already present in the area.
Because in the four study towns, the extension of the procapite green area (where females rest when they are not searching for hosts or for suitable oviposition sites) was comparable to that of the area of attraction of one technician, we are conÞdent that the number of females collected by one technician in 15 min standing without repellents in the most attractive sites during the ßight peak also corresponded to the mean number of bites one can receive in 1 d. This notion was supported by the fact that this estimate was comparable to estimates based on NBC and PDS.
Even though the NBC could conceptually be the best method of estimate of the biting female population, the number of bites declared during the interviews was likely to provide defective data, because of habituation to mosquito bites by the citizens and to their decreasing reactive consequences (Peng et al. 1996, Peng and Simons 1998) . NBC would also be confounded by other biting insects and mosquitoes such as Ae. caspius and Culex pipiens L.
Beyond environmental and socio-economic conditions, the habits of the human population may affect the insect vectorial capacity. To this point, we observed an increase of the use of individual protective measures and a reduction of the time spent in outdoors in Northern Italy, as a consequence of the seasonal increase of the density of Ae. albopictus (Carrieri et al. 2008) . To overcome these difÞculties, a critical point in our study is the introduction of the X V correction factor, which represents the proportion of infective bites actually occurring in the open Þeld.
Knowing the R 0 value calculated during the 2007 outbreak occurred in Castiglione di Cervia and Castiglione di Ravenna (primary focus) and the biting female density estimated by HLC through equation 4 we found a value X V ϭ 0.101, which means that only nearly 10% of the biting females could have really transmitted the CHIKV in the Þeld.
The reliability of the egg density threshold (based on the bites per egg ratios) was evaluated by comparing the R 0 calculated by using each of the three B (bites per eggs) ratios determined for the secondary focus in Cervia with the R 0 calculated by analyzing the cases of CHIKV recorded in the same area with the deterministic compartmental SEIR model. The R 0 calculated by means of B NBC and B HLC per egg underestimated and overestimated the Basic Reproduction Number calculated according to the progression of disease cases (2.15), while the R 0 value calculated from B PDS (1.97) was very similar.
In Italy and Southern Europe the risk of epidemic events is not negligible, as conÞrmed by the CHIKV outbreak in the Emilia-Romagna region and by the recent cases of dengue in France , La Ruche et al. 2010 . Our data conÞrm that the egg thresholds required for CHIKV transmission (mutated strain or not) have been largely exceeded in several urban areas during 2009 season (Fig. 6AÐB) . Since 2006 the Emilia-Romagna Regional Government has activated a regional monitoring program based on the weekly estimate of the mean Ae. albopictus egg density that, after the epidemic occurred in 2007, was extended to the whole regional territory. The monitoring network in 2009 consisted of over 2,700 ovitraps, evenly distributed in urban areas (248 municipalities) below 500 m a.s.l. (Albieri et al. 2010 , Carrieri et al. 2011b .
The application of the risk threshold model to the ovitrap monitoring data collected during 2009 by the Regional monitoring network allowed us to draw the following conclusions:
1. The currently applied mosquito control methods are not sufÞcient to keep the mosquito adult density below the epidemic risk threshold. 2. During the weeks 30 Ð36 the mean egg density in most of the Emilia-Romagna territory (from 70.1 to 83.1% of the municipalities) exceeds the epidemic threshold for the mutated CHIKV strain (R 0 Ͼ 1). This means that for new introductions of the mutated CHIKV, the risk of an epidemic is very high (Fig. 6A ). 3. During the same period, Ͼ20% (from 16.0 to 44.9%) of the urban areas of the EmilaÐRomagna territory had an outbreak risk for the mutated CHIKV similar to that calculated for the 2007 epidemic (R 0 Ͼ 3). 4. In Ϸ13.1Ð35.4% of the urban areas during the weeks 30 Ð36, conditions are satisÞed also for the transmission of the non mutated CHIK virus (R 0 ϭ 1) (Fig. 6B) . 5. Ae. albopictus has been imported to Italy through the trade of used tires from the United States (Dalla Pozza et al. 1994) , as demonstrated also by the high genetic afÞnity between the two populations (Urbanelli et al. 1999) . In regards to dengue virus, strains of Ae. albopictus that originated from North and South America showed a wide range of vector competence: 0.06 Ð 0.88 for (Mitchell 1991) . Barbazan et al. (2010) estimated an EIP ϭ 2 GC for dengue in Ae. aegypti. Four to 5 d is the length of the human infective period for dengue (Gubler et al. 1981) , without substantial differences among the four viral strains. By inserting these data into the equations presented in this work, we could calculate the epidemic risk threshold in the period 30th to 36th week in terms of the mean egg/trap/wk of Ae. albopictus (Fig.  7AÐD) . The percentage of municipalities that exceed the R 0 ϭ 1 threshold are in the range 5.8-28.8% for DEN I, 16.5Ð 60.9% for DEN II, 11.6 Ð 54.7% for DEN III and 2.9 Ð18.9% for DEN IV. When the R 0 ϭ 3 the percentage of the urban areas that exceed of threshold in this period ranged from 0 to 2.9% for DEN I to 0 Ð 6.6% for DEN II, to 0 Ð 4.9% for DEN III and to 0 Ð2.1% for DEN IV. Therefore the risk of outbreak of dengue in Italy can be considered low but not negligible.
In addition, we detected a decreased sensitivity to Ae. albopictus bites as indicated by a decrease of citizensÕ complaints in comparison to the start of the Ae. albopictus colonization (Carrieri et al. 2008 ). This constitutes a negative and dangerous trend for the risk evaluation, because the decrease of requests for mosquito control by the citizens is often followed by a decrease of invested resources by the public health administrations.
Our Þndings demonstrated that the egg density monitoring by means of the ovitrap network provides detailed and reliable information on the biting femalesÕ population, and can be used to develop prevention models in the view of Ae. albopictus transmitted disease epidemics.
The management of a quantitative monitoring system to measure of Ae. albopictus population density is fundamental to direct control activities in a rationale cost-beneÞt frame, with the aim of reducing the mosquito density below epidemic thresholds. 
